Objective: The objective of this study was to assess associations between unprotected anal intercourse (UAI) and substance use before and after HIV diagnosis among recently HIV-infected MSM.
IN RECENT YEARS, THE UNITED STATES Centers for Disease Control and Prevention has called for HIV-1 prevention to shift efforts from HIV-negative individuals only and include both HIV-negative and -positive individuals. 1, 2 Such efforts are especially needed among men who have sex with men (MSM) who continue to bear a disproportionate burden of HIV infection in the United States and other developed countries. [3] [4] [5] [6] [7] [8] When compared with their HIV-negative peers, some researchers have found that HIV-infected MSM report fewer partners, 9 more condom use, 10 and less frequent trading of sex for money or drugs, 9 suggesting a deliberate change in risk behavior, possibly to prevent transmission to others. 11, 12 Changes in risky behavior after HIV diagnosis have also been noted among MSM, including discontinuation of alcohol or substance use, 13 increases in condom use, 14, 15 and reporting no sexual activity or no insertive anal intercourse. 15 However, other studies report ongoing high-risk behaviors among HIV-infected MSM, including unprotected anal intercourse (UAI) despite knowledge of HIV infection. 16 Additionally, some have reported that HIV-positive MSM who were aware of their status were more likely to report UAI 17 or to be infected with syphilis 18 than those who were HIV-negative. Some have suggested that use of illicit substances is associated with ongoing high-risk sexual behaviors among HIV-positive MSM. Use of alcohol 19 and nitrites 19, 20 have been associated with UAI among HIV-positive MSM who were aware of their serostatus. Use of crack cocaine after HIV diagnosis has been associated with trading sex for money or illicit substances among MSM. 21 Illicit substance use may also modify the sense of shared responsibility for adopting safer sex behaviors. 22 The period soon after HIV seroconversion is a critical juncture for prevention as a result of high HIV viral loads that may result in a higher probability of HIV transmission. [23] [24] [25] [26] [27] Reduction of risk behavior, coupled with early diagnosis, is important for preventing onward HIV transmission. Understanding how risk behaviors are modified after diagnosis is important in designing appropriate behavioral interventions. However, most studies of behavior change have been conducted in HIV-positive MSM who were not recently infected. The current study aims to elucidate the relation-ship between illicit substance use and UAI before and after HIV diagnosis among newly infected HIV-positive MSM.
Materials and Methods
Between May 2002 and October 2005, 222 recently HIV-infected individuals who were referred to the Acute Infection and Early Disease Research Program in San Diego and Los Angeles by clinicians and HIV test counselors were asked to complete a computer-assisted self-interview (CASI) regarding HIV risk behaviors. Two hundred eighteen (98%) volunteered to complete the CASI and provided informed consent. Three of the participants were women, 7 were men who reported sexual contact with only women in the previous 12 months, and 208 were men who reported sexual contact with other men in the previous 12 months. The current analyses include 207 MSM who responded to CASI and reported that at least one of their last 3 sexual partners was a man.
All MSM had recent HIV infection as determined by one of the following: 1) presence of HIV RNA in plasma but a negative enzyme immunoassay (EIA); 2) results on detuned and sensitive EIAs that were consistent with early HIV infection; or 3) HIV seroconversion within the previous 12 months (negative EIA followed by positive EIA). Estimated date of infection for all participants was based on last HIV-negative test result and serology as previously described. 28 Date of HIV diagnosis was established through reviewing medical records and assigned as the first positive HIV test that was reported to the participant.
Using CASI, participants were asked to provide detailed information about the last 3 people with whom they had had sexual contact. Questions were asked for each partner regarding duration of time between the interview and the first and last time they had sexual intercourse. Additionally, participants were asked about types of sexual activities that occurred, substances used just before or during sexual activity (e.g., methamphetamine, nitrites), partner demographic information, partner HIV status, and partner type (i.e., main, regular, friends, acquaintances, one-time, anonymous, and trade). Although participants were asked about specific substances, data for these analyses were collapsed into no substance use, methamphetamine only, substances other than methamphetamine, or a combination of methamphetamine and other substances. The protocol for this study was approved by the Institutional Review Boards of the University of California, San Diego; University of California, Los Angeles (UCLA); Harbor-UCLA Medical Center, and CedarsSinai Medical Center.
Univariate and multivariate associations between UAI and substance among the 603 male partners reported by 207 MSM were conducted using generalized estimating equations (GEE) to correct for variance estimates of repeated measures. 29 Female partners were excluded from analysis because only 9 female partners were reported among the last 3 and substance use and unprotected sexual activity may differ between same-sex and opposite sex partnerships. 10 Interactions between timing of sexual activity (i.e., before vs. after HIV diagnosis vs. spanning diagnosis) and substance use were included in GEE models to determine if there were significant temporal changes in the associations between UAI and substance use.
To further assess interactions and to describe changes in associations between UAI and the covariates for partners before, after, and spanning (i.e., both before and after) HIV diagnosis, we conducted a subanalysis in which participants' last 3 sexual partners were stratified into 3 different categories based on timing of sexual activity in relationship to the participant's medical record HIV diagnosis date. Separate GEE analyses were used to examine associations between UAI and substance use for each of these strata. All GEE models were conducted using a binomial family, a logit link, and an unstructured correlation matrix. Analyses were performed using STATA version 8.2 SE (STATA Corp., College Station, TX).
Results
Participants completed their baseline interviews a mean of 13 weeks (median, 14 weeks) after their estimated date of HIV infection and 5 weeks (median, 3 weeks) after HIV diagnosis. The mean age of MSM was 35 years (range, 18 -65 years) and most were white (70.1%); 20.8% were Hispanic, 2.9% were African American/black, 2.4% were Asian, and 3.9% reported other ethnicity ( Table 1 ). Completion of college or higher education was reported by 46.9%. The median number of male partners was 20.0 in the previous 12 months (mean, 38), 4 in the previous 3 months (mean, 9.2), and one in the previous month (mean, 3.6). A total of 5.8% reported sexual contact with both men and women in the previous 12 months.
Of the last 3 partners who were men, the mean reported age was 33 years, and most (62.2%) were white (Table 1) . A range of different partner types were reported among the last 3, including 18.4% who were main partners (e.g., boyfriend, life partner). HIV status was unknown for 45.9% of the last 3 partners, 42.2% were believed to be HIV-negative, and 11.9% were believed to be HIV-positive. Sexual activity before diagnosis was reported with Table 1) . Use of substances other than methamphetamine just before sexual activity was reported with a greater proportion of sexual partners after diagnosis (32.4%, P ϭ 0.01) and who spanned diagnosis (26.6%, P ϭ 0.02) than before diagnosis (12.6%) (Fig.  1) . In contrast, the proportion of sexual partners with whom methamphetamine use was reported, either alone (6.7% before vs. 2.9% spanning vs. 4.2% after, P Ͼ0.05) or in combination with other substances (18.7% vs. 12.2% vs. 21.8%, respectively, P Ͼ0.05), did not change significantly based on timing of diagnosis. UAI was reported with a higher proportion of sexual partners before diagnosis (58.4%, P Ͻ0.01) and spanning diagnosis (58.3%, P ϭ 0.01) than after (43.7%).
In multivariate GEE models containing independent variables and interaction terms (Table 2) , methamphetamine use only (odds ratio [OR] ϭ 7.12, P ϭ 0.01), methamphetamine and other substances (OR ϭ 4.06, P Ͻ0.01), and continued sexual contact with a partner spanning diagnosis (OR ϭ 0.43, P ϭ 0.01) were significantly associated with UAI as independent variables. Interactions (Table 2 ) between sexual activity after diagnosis as compared with before and substance use were observed for methamphetamine only (P ϭ 0.01) and substances other than methamphetamine (P ϭ 0.03), but not methamphetamine and other substances combined (P ϭ 0.37). Interactions between sexual activity spanning diagnosis and a combination of methamphetamine and other substances were observed (P Ͻ0.01) but not for methamphetamine alone (P ϭ 0.73) or other substances alone (P ϭ 0.33).
Before diagnosis, those who used methamphetamine with a particular partner were more than 7 times (OR ϭ 7.12; 95% confidence interval [CI] ϭ 1.8 -28.6) as likely to report UAI with that partner (Fig. 2 ) compared with MSM with no substance use. After HIV diagnosis, those who reported methamphetamine use with a partner were no more likely to report UAI than those who reported no substance use (OR ϭ 0.40; 95% CI ϭ 0.1-3.4). This change in association between methamphetamine and UAI was statistically significant (P ϭ 0.01) (Fig. 2) . Similarly, there were significant differences in the association between UAI and other substances when considering sexual contact before and after diagnosis through test by interaction (P ϭ 0.03) (Fig. 2) . However, the trend for other substances was the opposite of methamphetamine use (P ϭ 0.01). Those who reported other substance use with partners before diagnosis were no more likely than those who reported no substance use to report UAI with that partner (OR ϭ 0.81; 95% CI ϭ 0.4 -1.7) (Fig. 2) . However, after diagnosis, use of other substances was significantly associated with UAI (OR ϭ 3.36; 95% CI ϭ 1.4 -8.3).
To confirm differences in the associations between substance use and UAI relative to timing of HIV diagnosis, we conducted stratified analyses by timing of sexual contact. The results of these models were highly consistent with the results from the interactions within the whole sample. After controlling for partner's HIV status and partner type, those who reported methamphetamine use only or a combination of use of other substances and methamphetamine were more likely to report UAI than those who did not report substance use (OR ϭ 8.17, P Ͻ0.01 and OR ϭ 4.43, Fig. 1 . Differences in use of methamphetamine, other substances, or a combination of methamphetamine and other substances just before or during sexual contact with the last 3 sexual partners before, spanning, and after HIV diagnosis (n ϭ 603 partners). P values adjusted for repeated measures using generalized estimating equation.
Vol. 34 • No. 6 403 SUBSTANCE USE AND UAI BEFORE AND AFTER HIV DIAGNOSIS P Ͻ0.01, respectively) before diagnosis (Table 3 ). For partners with whom sexual activity began before diagnosis and continued after diagnosis, UAI was more likely to be reported by those who used a combination of methamphetamine and other substances (OR ϭ 7.75, P Ͻ0.01) than those who did not report substance use, but neither methamphetamine alone nor other substance use was associated with UAI (Table 3) . After diagnosis, UAI was more likely to be reported with partners with whom other substances were used (OR ϭ 3.25, P ϭ 0.01), but not when methamphetamine alone or methamphetamine in combination with other substances was used. UAI was also less likely if the partner was HIV-negative and spanned diagnosis or if the partner was a main partner and either spanned diagnosis or was a partner before diagnosis (Table 3) .
Discussion
In our study of recently HIV-infected MSM, UAI was reported with fewer partners after HIV diagnosis than before diagnosis. Of greater interest was our finding that use of specific illicit drugs had differential effects on UAI depending on whether sexual contact occurred with a partner before or after HIV diagnosis. Specifically, methamphetamine use was associated with higher odds of UAI with partners before HIV diagnosis but was not associated with UAI after diagnosis. In contrast, use of substances other than methamphetamine was not associated with UAI before HIV diagnosis but was associated with a greater likelihood of UAI after diagnosis. These findings have implications about prevention of high-risk sexual behavior and substance use among HIV-positive MSM and suggest that use of specific recreational substances may have differential effects on the risk of UAI based on an individual's knowledge of his HIV status.
We observed a modest, yet statistically significant reduction in UAI with sexual partners soon after HIV diagnosis as compared with before diagnosis, suggesting a deliberate reduction in transmission behaviors. A reduction in the number of sexual contacts (from an average of 7.9 -5.2 3 months later) has previously been observed in a subset of this cohort after HIV diagnosis. 30 In the present analyses, participants were significantly less likely to report UAI with HIVnegative partners who spanned HIV diagnosis. Although not statistically significant, there was a trend toward a greater likelihood of reporting UAI with a negative partner before diagnosis and a lesser likelihood of reporting UAI with a negative partner after diagnosis, suggesting that early diagnosis may help to prevent HIV transmission. Because the data in this study were cross-sectional and participants reported behaviors over a short duration of time, it is unclear if sexual transmission risk reduction behavior will continue or if it will rebound with continued substance use.
The proportion of sexual partners with whom methamphetamine use was reported did not significantly change after HIV diagnosis, although the association between methamphetamine use and UAI changed markedly. Similar results were also seen when methamphetamine use in general (i.e., not separating methamphetamine from methamphetamine used in combination with other substances) was examined. These results suggest that MSM may be able to modify their risk behavior even if they continue to use methamphetamine. Other investigators have suggested that partners' disclosure of their HIV status, type of venue in which sexual activity occurs, partner type, and perceived risk of sexual act all affect the decision of DRUMRIGHT ET AL HIV-positive, methamphetamine-using MSM to disclose their HIV status, which is likely to result in condom use. 22 In a subanalysis of this sample, 22.7% of those who used methamphetamine with a partner before diagnosis reported that they met that partner in a bathhouse, but none of the partners spanning diagnosis or after diagnosis was met in a bathhouse. Further studies are needed to directly evaluate changes in transmission risk behavior of methamphetamineusing MSM before and after diagnosis, including longitudinal studies that measure longer periods of time before and after HIV diagnosis to determine if the observed patterns are related to diagnosis or cyclical changes in substance use.
On the other hand, use of substances other than methamphetamine during sexual activity increased after HIV diagnosis. Use of other substances was associated with a greater likelihood of UAI with partners after diagnosis, whereas methamphetamine use alone was not. However, a switch from methamphetamine to other substances was not observed, because use of methamphetamine alone or in combination with other substances before sexual ac- Fig. 2 . Interactions between timing of sexual contact (before or after diagnosis) and methamphetamine or other substance use excluding methamphetamine (n ϭ 603 partners). *Odds ratio including interaction term and corresponding 95% confidence interval in parentheses below odds ratio. #P value to test the hypothesis of change in association between substance use and unprotected anal intercourse by timing of sexual activity with regard to diagnosis. P ϭ 0.001 for the contrast between the methamphetamine and sexual activity timing interaction and the other substances and sexual activity timing interaction. Specific substances that comprise the "other" category were measured in the questionnaire and some substances were more commonly reported than others. The most commonly reported substances of use were nitrites, marijuana, and GHB, although GHB was much more common among users of both methamphetamine and another substance. There was considerable overlap in use of many different substances (i.e., polydrug use) with a single partner among our participants. Consequently, we were unable to explore all combinations of overlap or single use of these substances and methamphetamine because data would become too sparse; however, we stress the relevance of such studies in larger samples.
Interestingly, for partners who spanned HIV diagnosis, UAI was only associated with use of methamphetamine and other substances combined. Methamphetamine users who also use other substances may practice riskier behaviors. Previous studies have demonstrated that MSM who are polydrug users tend to report higher rates of UAI 31,32 as compared with single drug users, more sexual partners, 33 greater likelihood of sexually transmitted infection, 34 and more UAI among HIV-positive MSM with serodiscordant partners. 35 Polydrug use is also commonly reported in combination with methamphetamine use. 32, [35] [36] [37] In this sample, most (76.8%) methamphetamine users also reported use of other substances.
As expected with all observational studies, there were some limitations. Additional information on the context of risk behaviors that may have helped to explain our results was not collected (e.g., conscious attempts to alter substance use and UAI behavior after HIV diagnosis). We were unable assess the affect of specific attitudes (e.g., sense of responsibility, HIV treatment optimism, and beliefs about viral load) and sexual positioning with regard to transmission to others in relation to substance use, which have been shown to be important in other studies. 11,12,38 -43 Our sample consisted of volunteers who were predominantly well-educated, white MSM and may not be representative of all MSM who have recently become infected with HIV. Additionally, substance use among MSM may vary by geographic region 44, 45 ; therefore, these data may not be generalizable to all MSM.
This study indicates that use of specific recreational substances may have differential effects on UAI before and after HIV diagnosis among MSM, which has several implications for the study of substance use and HIV/sexually transmitted infection prevention. Our data suggest the need for designing studies that can specifically examine particular patterns of substance use with regard to partnership and situational factors. Without examining the interaction between substance use and sexual timing in regard to UAI, we would have observed associations between substance use and UAI but could have missed the change that occurred before and after HIV diagnosis. Additionally, our data highlight the need for qualitative and quantitative studies that contribute to understanding modifiers and motivations for substance use and UAI such as sense of responsibility with regard to prevention of HIV transmission, HIV treatment optimism, safer sex fatigue, and social dynamics. These data also suggest that new interventions designed to reduce HIV transmission among MSM through cessation of substance use should consider different types of substance use, including polydrug use.
